Among 1739 male survivors of myocardial infarction, mortality over 5 years was examined in relation to presence of complex ventricular premature complexes (R on T, runs of two or more, multiform or bigeminal complexes) identified during 1 hour of monitoring. Such arrhythmia was associated with excess risk of death over the entire period. Men with R on T or runs during the hour show a 5-year sudden coronary death rate of 25%, compared with 6% of men free of premature complexes. Men with complex ventricular premature complexes are also at relatively higher risk for nonsudden cardiac death than the other men (5-year mortality 15% and 7%, respectively), but no additional disadvantage was associated with the presence of R on T or runs. Multivariate survival analyses, controlling simultaneously for other important clinical factors, identify complex ventricular premature complexes as the strongest influence on risk of sudden coronary death and congestive heart failure as the strongest influence on risk of other cardiac death.
SUMMARY Among 1739 male survivors of myocardial infarction, mortality over 5 years was examined in relation to presence of complex ventricular premature complexes (R on T, runs of two or more, multiform or bigeminal complexes) identified during 1 hour of monitoring. Such arrhythmia was associated with excess risk of death over the entire period. Men with R on T or runs during the hour show a 5-year sudden coronary death rate of 25%, compared with 6% of men free of premature complexes. Men with complex ventricular premature complexes are also at relatively higher risk for nonsudden cardiac death than the other men (5- year mortality 15% and 7%, respectively), but no additional disadvantage was associated with the presence of R on T or runs. Multivariate survival analyses, controlling simultaneously for other important clinical factors, identify complex ventricular premature complexes as the strongest influence on risk of sudden coronary death and congestive heart failure as the strongest influence on risk of other cardiac death.
VENTRICULAR ARRHYTHMIAS have been associated with increased mortality in patients during and after episodes of acute myocardial infarction (MI) and in ambulatory patients with stable coronary heart disease (CHD).'4 A strong association between prevalence of ventricular ectopic activity and other indicators of myocardial dysfunction has been documented,7 and investigators have applied multivariate statistical techniques to explore whether ventricular premature complexes after MI make an independent contribution to mortality risk, or merely indicate poor prognosis attributable to other factors. Both clinical and epidemiologic studies have produced evidence for such independent contributions to risk. '13-7-10 Doubt nevertheless continues to surface, particularly with respect to hypotheses linking ventricular premature complexes to increased risk of sudden coronary death.11 Better understanding of the problem is important because efforts to suppress ventricular ectopy in CHD patients with antiarrhythmic drugs would be pointless unless ventricular premature complexes make a unique contribution to risk of death.
We previously reported 3- year mortality estimates for a cohort of 1739 male survivors of MI in relation to findings at a baseline examination that included 1 hour of ECG monitoring for ventricular premature complexes.' These data, from the Health Insurance Plan of Greater New York (HIP), showed a twofold increase in deaths from all causes and a threefold increase in sudden coronary deaths in men who had shown complex ventricular premature complexes (R on T, runs of two or more and multiform or bigeminal premature complexes) in the hour of baseline monitoring in comparison with the men free of such arrhythmias. Follow-up of these men has now been ex-tended to develop 5-year mortality rates. Accumulation of a total of 349 deaths, 149 of them sudden (deaths within minutes in the absence of symptoms or signs of acute MI), permits both examination of course of disease over the longer period and more detailed study of the role of specified qualitative features of the ventricular premature complexes in relation to risk of sudden death.
Methods
Over a period of almost 4 years (March 1972 through December 1975), 2155 CHD patients were identified from a population of 120,000 men ages 35-74 years, insured in HIP, a prepaid group-practice plan providing comprehensive medical services. Standard baseline observations included interviews to establish personal characteristics and medical history, physical examination and laboratory determinations, a 12-lead ECG and 1 hour of single-lead ECG monitoring recorded on tape. A baseline examination was performed in 87% of the men identified as potential study subjects from case-finding procedures. Of those examined, 83% satisfied the study criteria for CHD12 and entered the follow-up phase of the study. Of these, 1739 men had had at least one MI before the baseline date and 416 had had unequivocal effort angina in the absence of historical or ECG evidence of MI.
Computer processing of the monitoring tapes produced writeouts on ECG paper of all possibly abnormal beats. Double reading these sections by trained technicians and physicians then provided the basis for classification of patients by ventricular ectopic activity during the monitoring hour. Details of the method and data on validation have been published.7, 13 Follow-up of all patients is now complete, and mortality status as of the last observation due before April 1, 1978 is known for all patients. The final data, presented for the MI patients in this report, are based on an average observation period of 3.5 years. Patients have been followed for mortality up to periods of 5.5 years, with a minimum of 2 years. Patients were remonitored at 6-month intervals up to a maximum of three times after the baseline. The medical management of the study patients remained the responsibility of the patients' individual physicians, to whom the study team routinely reported the baseline and follow-up findings.
Statistical analyses take into account varying durations of follow-up after baseline to estimate cumulative probabilities for specified end points. The cumulative mortality rates shown in the figures and tables were adjusted directly for age differences in patient groups, applying specific rates for men 35-64 years and 65-74 years to the standard population, defined as the 2155 study patients. Bivariate and multivariate procedures were used to assess the influence of ventricular premature complexes and other patient characteristics on mortality. Analyses of survival used both Cox's regression model for censored survival data" and the Peto-Pike chi-square approximation to the conditional log-rank test." 6 16 The latter method permits comparison of survival curves for several groups, adjusting for covariates and for differences in duration of follow-up among the groups. A summary chi-square statistic was calculated to provide a conservative test of the null hypothesis that there are no differences between the survival curves being examined. The Cox model assesses the simultaneous relative contributions of one or more covariates to changes in level of mortality risk. For the dichotomous variables defined in this report, the maximal likelihood estimates of the coefficients for the Cox model permit estimation of mortality risks when specified characteristics are present relative to the risks in their absence.
Results

Mortality in Relation to Category of Ventricular Arrhythmia Based on Baseline Monitoring
The starting point for prognostic statements developed in this report is the date of the baseline monitoring hour and examination. Half of the 1739 survivors of MI had had an acute MI within 3 months before baseline, an additional 30% within 3-8 months before baseline, and 20% had had silent MIs or intervals of at least 9 months since the last acute episode.
An increased risk of death associated with the presence of complex ventricular premature complexes in 1 hour of ECG monitoring persisted over the entire 5-year observation period after the baseline examination. Figures 1 and 2 present cumulative probability curves, controlled for age, for all causes of death and for sudden coronary deaths and other cardiac deaths, respectively. The definition of sudden coronary death in this study is restrictivedeath within minutes of the patient's usual state of health and in the absence of any symptoms or signs of a new acute MI. The nonsudden cardiac deaths are largely deaths with new MI or with congestive heart failure in the absence of new MI. During the 5-year period, the excess risk for sudden coronary death associated with the presence of complex ventricular premature complexes appears somewhat larger than that associated with nonsudden cardiac death, but an important differential clearly exists in both instances. At 5 years, the cumulative probability of sudden death (age-adjusted) in the men who had complex ventricular premature complexes in the baseline monitoring hour was 18%, compared with 8% in the other men. For other cardiac deaths the corresponding rates were 15% and 7%. Figure 3 examines the differentials in cardiac death with respect to the presence of ventricular arrhythmia in greater detail. In the upper half of the figure, we see a very large risk for sudden coronary death associated with the presence of runs of two or more ventricular premature complexes or R on T during the monitoring hour. Five years after baseline, the age-adjusted probability of sudden death in these men was 25%, compared with 13% in men with other forms of complex ventricular complexes, 12% in men with simple ventricular premature complexes only, and 6% in the men without ventricular premature complexes during the monitoring hour. In contrast, the lower curves for nonsudden cardiac death show no difference between men with runs or early ventricular premature complexes and those with other complex forms, nor is there any difference associated with the presence of simple ventricular premature complexes in comparison with men without ventricular ectopic activity. The age-adjusted relative risk for sudden coronary death over the 5-year period in the men with runs or R-on-T forms is four to five times the risk of the men without ventricular premature complexes in the hour. The corresponding relative risk for other cardiac death in the men with runs or early beats (or with other complex forms) is twice that of the men without ventricular arrhythmia during monitoring. Compared with our previously reported 3-year survival data,' the additional years of follow-up have effected a shift in the curve estimating risk of sudden death in relation to the presence of simple ventricular premature complexes. The earlier data suggested no important difference with respect to sudden death between men free of any ventricular premature complexes and those with simple forms only, but the 5year picture places the risk of sudden death in men with simple ventricular premature complexes between that of the men with complex beats and that of the men without ectopic beats in the monitoring hour. Table 1 shows that the rate was fairly constant for both total and sudden coronary deaths in each of the four successive years after baseline. The rate is consistently higher in men who had complex ventricular premature complexes during the baseline monitoring hour than in the men who were free of such forms. Thus, the mortality differential associated with the presence of complex beats during the baseline monitoring hour is a long-term effect. Role complexes in increasing risk of sudden coronary death. Cross-classification of the data with respect to three strong prognostic variables in this studyventricular premature complexes, ST-segment depression, and experience of congestive heart failureand performance of the usual age-adjusted survival analyses reveal important mortality differences in relation to how many of the three factors are positive. Table 3 shows that in moving from patients free of ST depression, congestive heart failure and ventricular premature complexes during the monitoring hour to patients with all three of these characteristics present, the 5-year cumulative probability of death from any cause increases almost fivefold, from 11% to 52%. The gradient in risk in relation to how many of these characteristics are positive suggests that each of these factors contributes independently to mortality risk. When only one of the three factors is positive, the probability of death from any cause is of the same order of magnitude for each factor; but probability of sudden death in the presence of ventricular premature complexes as the sole positive factor is higher than that found in the presence of ST depression alone or of congestive heart failure alone (10% vs 6% or 4%, respectively). Similarly, when two of the characteristics are positive, the presence of ventricular ectopic complexes as one of these is associated with an apparently higher sudden death rate (16%) than that found in the absence of ventricular arrhythmia.
To assess the role of ventricular premature complexes in the prognosis of the men who were monitored at baseline after surviving an MI, simultaneously taking into account pertinent clinical observations, we used Cox's regression model for censored survival data.` Table 4 shows best-fitting models for all causes of death, sudden coronary deaths, and other cardiac deaths; relative risks associated with each variable remaining in the final model; and "t" values giving approximate measures of the statistical significance of the individual coefficients from which the relative risks were computed. For sudden coronary deaths and for other cardiac deaths, the best-fitting model consists of five variables. Four of these are common to the models for the two end points: complex ventricular premature complexes, ST depression, congestive heart failure, and heart rate of 90 or more beats/min. However, the relative strength of these variables in the models for the two end points is not the same. In the case of sudden coronary death the strongest variable is the ventricular arrhythmia: controlling simultaneously for all other variables shown, the relative risk of sudden death associated with presence of complex ventricular beats is 2.4 times that in their absence (t = 5.1). For other cardiac deaths the strongest variable (relative risk 2.4, t = 5.0) is congestive heart failure, and the weakest of the variables remaining in the model is presence of complex ventricular premature complexes (relative risk 1.8, t = 3.2).
Other differences between Cox models for the two specified cardiac end points emerge when the data are stratified with respect to presence of complex beats during baseline monitoring (table 5 ). The Cox analysis confirmed the impression from the life-table curves shown in figure 3 , that runs or early ectopic beats are uniquely related to risk of sudden death, and that men with simple ventricular premature complexes in the hour are at elevated risk of sudden death in comparison with patients without ventricular ectopic complexes. In men with complex beats, low education and the presence of runs or early premature complexes are two of the four variables remaining in the best-fitting model for sudden coronary deaths, but neither variable appears in the best-fitting model for other cardiac deaths. Men without complex beats who had simple premature complexes during the monitoring hour are at increased risk for sudden death but not for nonsudden cardiac death when other variables are simultaneously controlled. Ventricular arrhythmia, congestive heart failure, heart rate of 90 beats/min or more, and ST depressionthe four variables common to best-fitting Cox models for both sudden coronary and other cardiac Abbreviations: NC = no complex ventricular premature complexes; C = complex ventricular premature complexes; MI = myocardial infarction; SCD = sudden coronary death. deathswere examined in a logrank analysis for the two end points in table 6. The upper and lower parts of the table differ in the mode of characterization of ventricular premature complexes during the monitoring hour. For sudden coronary death the highest relative risk, with the most significant chi-square value is the arrhythmia variable after adjustment for the other three factors. In the case of other cardiac deaths, the highest relative risk is associated with congestive heart failure.
Discussion
The final data presented here confirm and extend our earlier reported findings of an independent contribution to long-term increased risk of sudden coronary death made by complex ventricular premature complexes during 1 hour of monitoring of MI survivors. Wide variability of prevalence of ventricular premature complexes from hour to hour in CHD patients is well documented,17 and when the purpose of 301 VOL 64, No 2, AUGUST 1981 Abbreviations: STD = ST depression; CHFcongestive heart failure; VPC = ventricular premature complexes. *Relative risk was computed from the estimated coefficients obtained from the Cox models. Approximate measures of the statistical significance of the individual coefficients are shown as the t values, defined as estimated coefficient divided by estimated standard error of coefficient. Critical values are t = 1.65, p = 0.10; t = 1.96, p = 0.05; t 2.58; p = 0.01. tThe best-fitting model consists of those variables remaining after elimination of individual variables and sets of variables that make no statistically significant contribution to the likelihood function. Abbreviations: VPC ventricular premature complexes; CHF = congestive heart failure; df = degrees of freedom.
monfitoring is to assess the antiarrhythmic effect of a drug in an individual patient, this random variability must be taken into acco4nt. But, when the purpose of monitoring for ventricular arrhythmia is to identify patients at relatively high-risk of sudden death, the presence of complex ventricular premature complexes in any single hour of monitoring serves this epidemiologic objective very well. The differential in risk of sudden death associated with the ventricular ectopy is two to three times that of MI survivors without such arrhythmia during the hour of monitoring. Although the presence of complex ventricular premature complexes is highly associated with other indicators of rnyocardial dysfunction,7 various analytic approaches led to the conclusion that the excess risk" does not simply reflect confounding variables, but signifies an independent role for the arrhythmia. These findings support the hypothesis that ventricular premature complexes during 1 hour of monitoring of men who have survived an MI signal a tendency to ventricular fibrillation, and an extremely high risk is associated with runs of two or more ventricular premature complexes or with early ectopic beats. Mortality in survivors of MI is relatively high in the 2 months after hospital discharge,"' and the current study, with baseline monitoring occurring an average of 3 months after MI, is therefore not appropriate for study of changing mortality in the early-period after acute MI. However, examination of our study cohort did not show any important increase in risk of death in 302 CI RCULATION *Relative risks of death from the causes specified were estimated with the Peto-Pike method.15 The relative risk is shown in each case both before and after adjustment for the other three variables. The first four variables are all those common to the best-fitting Cox models for all causes of death, sudden coronary death, and other cardiac death (see table 4 ). The second group of four variables substitutes an alternative classification of ventricular premature complexes.
tO.01 <p < 0.05. tp>0.10.
Abbreviations: VPC = ventricular premature complexes; CHF = congestive heart failure.
Unadjusted Risk x2 (1) 303 men with a relatively short interval since acute MI compared with men with longer intervals from the acute event. Nor is there any difference in distribution by interval elapsed since MI between men with and without complex ventricular premature complexes in the hour of baseline monitoring. The baseline took place within 3 months of the acute MI in 68% of the men with complex beats in the hour and in 64% of the men free of such arrhythmia. No postulated methodologic bias could reasonably account for the large differential in risk of sudden death over a 5-year observation period that is associated with the presence of complex ventricular premature complexes in the baseline monitoring hour. Evidence from different types of studies supports the conclusions drawn from the data presented in this report. Greene et al. 19 emphasized the importance of runs of ventricular premature complexes and found an increased likelihood of sudden death in a small number of men after MI who showed repetitive ventricular response to an electrical impulse delivered through a ventricular pacemaker during atrial pacing. From a study of sudden death in the year after MI, Schulze et al.20 concluded that the presence of complicated ventricular arrhythmias significantly increased the risk of sudden cardiac death in a small number of patients with low ejection fraction. Hammermeister studied two large groups of patients treated medically and surgically for variables predictive of survival; data on both ejection fraction and coronary angiography were included in the analysis, and ventricular arrhythmia on the resting ECG was an important independent variable in both groups.10 Earlier results from epidemiologic studies are consonant with the HIP findings.3 '6 Moss and co-workers" reported the results of application of the categorization of ventricular premature complexes from the HIP study to their population studied after MI from Rochester hospitals. They concluded that complex ventricular premature complexes were associated with a significantly increased cardiac death rate, but did not discriminate between sudden and nonsudden cardiac death. Their judgment was that complex ventricular premature complexes made a contribution to risk of cardiac death that was independent of 10 relevant clinical variables, whose influence was examined one at a time. They did not control for these clinical characteristics in any examination of the influence of such arrhythmia on sudden and nonsudden cardiac death.
Because their analysis did not support the HIP observation on the particular importance of ventricular premature complexes in relation to sudden coronary death, they concluded that complex ventricular premature complexes constituted only one of many factors associated with increased likelihood of cardiac death, and questioned the importance of a continuing search for suitable antiarrhythmic therapy to reduce mortality after MI.
In earlier reports of mortality from the HIP study, we examined total mortality and sudden coronary deaths." 2, 8 We noted the increased risk associated with presence of ventricular arrhythmia both for all deaths (82% of them cardiac) and for sudden deaths (constituting over 40% of total deaths). The data on overall mortality reflected to some extent the relatively stronger influence of ventricular premature complexes on the rate of sudden death. In this report we present data for two defined cardiac end points, as well as for total mortality.
The restrictive definition of sudden death in the HIP study is important in interpreting the results presented here. Interest in this study centered on a hypothesis postulating a special relationship between ventricular ectopic activity and risk of ventricular fibrillation, and we judged it important to keep the sudden coronary death category as uncontaminated as possible. Such deaths were therefore defined as occurring within minutes of a patient's usual state of health in the absence of signs or symptoms of a new acute MI. Cardiac deaths not meeting this definition are in this population overwhelmingly associated with new MI, with a smaller number ascribable to congestive heart failure without evidence of new MI. Findings from the Seattle Heart Watch study on resuscitated survivors of ventricular fibrillation21 support the inference from earlier pathology studies22 that sudden death from ventricular fibrillation occurs most commonly in the absence of new MI. The survival analyses presented above describe differences in the operation of the excess risk associated with complex ventricular premature complexes in connection with sudden and nonsudden cardiac death, as defined for this study. In the presence of such arrhythmia, the relative risk for sudden death is higher than that for other cardiac death, and the impact of the specified qualitative featuresearly beats or runsis noted only in relation to sudden death.
Our findings with respect to sudden coronary death in patients with prior MI describe a gradient of risk, from patients with no ventricular premature complexes during 1 hour of ECG monitoring to those with simple ventricular premature complexes only, to those at highest riskmen with complex forms of ectopic activity. Patients with runs or early ventricular premature complexes are at extremely high risk for sudden death; this finding is consistent with the hypothesis that such ectopic forms are uniquely related to ventricular fibrillation. These results emphasize the importance of controlled studies to determine whether antiarrhythmic agents improve survival after MI. Related questions are concerned with the extent to which rates of sudden coronary death may be influenced by such therapy, and with any differential effects in patients with and without ventricular arrhythmia at onset of such trials.
